Much of business literature addresses the issues of consumer-centric design: how can businesses design customized services and products which accurately reflect consumer preferences? This paper uses data science natural language processing methodology to explore whether and to what extent emotions shape consumer preferences for media and entertainment content. Using a unique filtered dataset of 6,174 movie scripts, we generate a mapping of screen content to capture the emotional trajectory of each motion picture. We then combine the obtained mappings into clusters which represent groupings of consumer emotional journeys. These clusters are used to predict overall success parameters of the movies including box office revenues, viewer satisfaction levels (captured by IMDb ratings), awards, as well as the number of viewers' and critics' reviews. We find that like books all movie stories are dominated by 6 basic shapes. The highest box offices are associated with the Man in a Hole shape which is characterized by an emotional fall followed by an emotional rise. This shape results in financially successful movies irrespective of genre and production budget. Yet, Man in a Hole succeeds not because it produces most "liked" movies but because it generates most "talked about" movies. Interestingly, a carefully chosen combination of production budget and genre may produce a financially successful movie with any emotional shape. Implications of this analysis for generating on-demand content and for driving business model innovation in entertainment industries are discussed.
complex plan. It should, moreover, imitate actions which excite pity and fear, this being the distinctive mark of tragic imitation" (Aristotle, 1902, p. 45) .
While for many centuries, the emotional content of stories was largely a subject of linguistic analysis in humanities' research, recent advances in Natural Language Processing (NLP) and computational narratology allow scientists to significantly advance the sentiment analysis of storytelling. One of the first examples of using information technology to analyze emotional content of stories belongs to Kurt Vonnegut. He not only coined the term "emotional arc" of a story, but also visualized it in a two-dimensional space defining it as a correspondence between the timing of the story ("Beginning-End") displayed on a horizontal axes, and its emotional journey ("Ill Fortune-Great Fortune") shown on a vertical axes (Vonnegut, 1981) . More recently, the methodology of Aristotle and Vonnegut was extended and popularized by a team of researchers from the Computational Story Laboratory at the University of Vermont who used the NLP methodology to map emotional journeys of a filtered dataset consisting of 1,327 novels from Project Gutenberg's digital fiction collection and identified 6 emotional arcs which describe all those stories . Reagan el al. (2016) showed that all analyzed novels could be partitioned into 6 clusters where each cluster represents a specific emotional trajectory (see  Man in a hole -an emotional trajectory showing a fall followed by a rise.
 Icarus -an emotional trajectory showing a rise followed by a fall.
 Cinderella -an emotional trajectory showing a rise-fall-rise pattern  Oedipus -an emotional trajectory showing a fall-rise-fall pattern
Figure 1 Six Major Clusters of Emotional Trajectories for Novels with Examples Compiled from Reagan et al. (2016)
Recently, the importance of emotional arcs has also been emphasized not only for storytelling and but also for the audio-visual content design Vimeo channel "Short of the Week" (between 30 seconds and 30 minutes long), combined audio and visual information from movies to map sentiment using neural networks methodology. For short videos, they identified audio-visual emotional arcs which attracted the highest number of comments on Vimeo. They showed that for videos with a median length of slightly over 8 minutes, the highest number of clicks were achieved by the emotional trajectory somewhat resembling Icarus which ended on a steep decline. Other trajectories with high number of clicks were characterized by significant emotional peaks close to the end of the video.
In this paper we use a unique filtered dataset of 6,174 full-length movie scripts from https://www.opensubtitles.org to generate a mapping of screen content capturing the emotional arc of each motion picture. We then accumulate emotional arcs into clustered trajectories which represent groupings of viewer emotional journeys. These clusters are then used to predict a wide variety of movie success characteristics: revenues, satisfaction levels, audience capture, award nominations and award wins.
We find that full-length motion pictures' scripts fall within the same 6 major emotional arcs as novels' arcs reported in . We also show that when success of a motion picture is measured by box office revenues, viewers tend to prefer movies with emotional trajectory of Man in a Hole. This result is robust even if we control for production budget and genre of the movie. We also conclude that Man in a Hole movies tend to succeed not because these motion pictures are associated with the highest viewer satisfaction. This emotional arc tends to attract viewers' attention and spark discussions. It does not mean, however, that only Man in a Hole movies are set for financial success: our results also show that if a genre and budget of the film is chosen carefully, it is possible to produce a financially successful movie in any of the 6 emotional arcs' shapes.
This paper is organized as follows. We start by describing our dataset in Section 2.
Section 3 explains our research methodology, hypotheses, and analysis procedures. Results are described in Section 4. Finally, Section 5 concludes with a general discussion.
The Data
The dataset for this project was compiled from several sources. We harvested subtitle files from https://www.opensubtitles.org. Additional information about each motion picture was obtained from https://www.imdb.com. We also used https://www.the-numbers.com data on movies revenues as well as estimated production budgets. and worldwide gross revenues were available for a subset of these movies. We removed movies records for which we could not find domestic gross revenue, yielding 9,015 records.
Third, quality control criteria were applied to the dataset. The subtitles repository https://www.opensubtitles.org is an open-source website where individual users post subtitle
files. Yet, it allows all subtitle consumers to rank user members who post subtitles awarding them bronze, silver, gold, or platinum membership ranks (see Figure 2) . The membership rank depends on the quality of subtitles users post as downloaded and rated by other users. We only used subtitles from ranked users (bronze, silver, gold, and platinum members) and discarded scripts posted by unranked users reducing the dataset to 6,562 subtitle records. We then removed all subtitles where the length of the text was less than 10,000 characters to ensure that our analysis is based on long motion pictures yielding the dataset of 6,427 subtitle files.
Figure 2 Screenshot Depicting an Example of Open Subtitles User Ranking and Membership Record
Finally, the dataset was matched with additional information about motion pictures 
Methodology and Hypotheses
We used the resulting filtered dataset of 6,174 movie subtitles to conduct the sentiment analysis of motion pictures. To that end, syuzhet R package was used. Our analysis included the following steps (see Figure 3) . First, the emotional arc of each motion picture was calculated by applying the default labelled lexicon developed at the Nebraska Literary Laboratory using cleaned script of each motion picture. 7 To that end, each script was partitioned into sentences and for each sentence the valence was calculated by assigning every word its sentimental value ∈ 1, 0, 1 , where 1 referred to emotionally negative terms; 0 referred to emotionally neutral terms; and 1 referred to emotionally positive terms according to the lexicon. The resulting sentiment was scaled to fall within the interval 1, 1 . Then the sentiment trajectory was transformed using the Discrete Cosine Transform (DCT). After that, the resulting trajectory was uniformly sub-sampled to have 100 elements so that each motion picture sentiment arc could be represented using the motion picture timing from 0% (beginning of the movie) to 100% (end of the movie).
6 To prepare the subtitles for analysis, we removed time stamp information as well as any special characters not contained in "abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ'.?!". 7 See https://github.com/cran/syuzhet/blob/master/README.md for more detail.
Figure 3 Steps of the Analysis
We then accumulated all emotional arcs from motion pictures and applied the following procedure to clustered trajectories. 
Results
In this section we test our hypotheses and explore how robust our results are. We find that similarly to novels (see , all analyzed movie scripts can be partitioned to fit 6 major emotional trajectories (clusters) where each trajectory is obtained using the clustering procedure described in Section 3 9 . This confirms our Hypothesis 1. Figure 4 shows all 6 clusters of emotional trajectories and provides examples of films which fall within each cluster.
Figure 4 Six Emotional Trajectories of Movies

Emotional Arcs and Success of Motion Pictures
Our resulting filtered dataset of 6,174 movies consists of 632 movies in the Rags to Riches This may indicate that people's desired emotions depend on the time length of their experience. Specifically, it is safe to assume that the same story is experienced in more condensed time when one watches a movie compared to when one reads a book.
10 We use worldwide gross revenue variable in later subsections and show that our results are essentially the same when we consider domestic gross revenue and worldwide gross revenue. Note: Each cell shows mean (top row), median (middle row) and standard deviation (bottom row). Gross revenue is measured in million US dollars.
Specifically, movies in our dataset last on average 108 minutes while reading a book with a similar story would take an average reader many hours if not days. In other words, consumption time for a book is greater than that for a movie. Consequently, one reason why
Icarus movies do not do as well as Icarus books could be that in a time-limited environment people do not want to experience emotional fall which is not followed by an equivalent or nearly equivalent emotional rise.
However, people are quite happy to experience such a dramatic fall during a larger period of time when the intensity of emotional fall is diffused (i.e., when reading a book). In contrast, Cinderella emotional trajectory provides a noticeable emotional rise towards the end of the story despite the emotional fall in the middle of the movie. This emotional rise may be more desirable for the viewers of the movies compared to the readers of the books.
At the first glance, if we consider mean values of the gross domestic revenue as a proxy of success, two of three clusters of emotional trajectories are the same for movies and books.
Yet, are movies in these three clusters earning statistically significantly more than movies in other clusters? We conducted a series of OLS regressions with domestic gross revenue as a dependent variable and dummies for each of the emotional trajectories to understand whether obtained differences in revenues are statistically significant. 11 Our results show that only one cluster -Man in a Hole -produces statistically significantly higher gross domestic revenue compared with other clusters. Moreover, in a regression analysis Oedipus cluster reveals negative (though not statistically significant) correlation with gross domestic revenue. As shown in Table 2 , the effect of Man in a Hole cluster is high (the coefficient is equal to 6.5613
suggesting that producing a movie with Man in a Hole emotional arc is equivalent to the mean increase in gross domestic revenue of over $6 million), positive, and significant at 0.1% level. Interestingly, the Riches to Rags cluster shows a negative and statistically significant correlation with domestic gross revenue. The effect is quite large (the coefficient of -3.4599 indicates that producing a film with Riches to Rags emotional arc is equivalent to the mean decline in domestic revenue of more than $3 million). Table 2 show that there is a positive and statistically significant correlation between movies in the Rags to Riches cluster and IMDb rating although the effect is small.
The Man in a Hole cluster is also not associated with high critics scores on IMDb.
Specifically, there is a negative and statistically significant correlation between IMDb critics meta score and Man in a Hole cluster. At the same time, critics meta score is positively correlated with Riches to Rags cluster which tend to be associated with low revenues. These results suggest that critics tend to prefer stern movies (possibly with an unhappy ending) and these movies tend to be less successful in generating revenue. Note: Each cell reports the OLS regression coefficient followed by a standard error in square brackets. † -significant at 10% level -p<0.1; * -significant at 5% level -p<0.05; ** -significant at 1% level -p<0.01; *** -significant at 0.1% level -p<0.001.
Why does the Man in a Hole emotional arc produce high revenue but does not generate high user and critics' ratings on IMDb? There could be several reasons for this: (1) people are more likely to leave feedback (rating or review) if they did not have a good experience so it could be that there is some bias in the IMDb satisfaction scores which, generally, are lower than the average viewers' attitude or (2) IMDb scores are provided by a different audience than that which primarily contributes to the movie revenue, etc. More insight into the difference between IMDb ratings and gross domestic revenue is provided by further variables capturing the number of people leaving ratings and reviews. All three variables that capture the level of activity on IMDb -rating count, the number of user reviews, and the number of critics' reviews -are positively and significantly correlated with the Man in a Hole emotional trajectory. If we assume that the mean IMDb user rating and the IMDb meta score could be taken as a proxy of viewers' and critics satisfaction respectively, our results may suggest that highest earning movies are not necessarily the ones that are liked by the audience, but rather are those that attract the most attention. In other words, the Man in a Hole emotional trajectory does not produce the "most liked" movies, but generates the most "talked about" movies.
To verify the relations between different proxies of success used in our analysis, we conduct a clustered OLS regression analysis (where standard errors are clustered at the level of each emotional arc) with gross domestic income as a dependent variable and IMDb success indicators as independent variables. Results of this analysis are reported in Table 3 . Our findings summarized in Table 3 confirm our conjecture that high IMDb ratings are not associated with the highest revenue. Specifically, while user ratings (satisfaction indicators) are generally negatively correlated with the gross domestic revenue, popularity indicators (number of ratings, number of user and critics' reviews) are positively correlated with the gross domestic revenue. For robustness, we have also conducted the same analysis using worldwide revenue for a reduced sample of movies (3,051 observations in our dataset contained information on worldwide revenues). Table 3 shows that results of the OLS clustered regression with worldwide revenue as a dependent variable essentially repeat those with gross domestic revenue as a dependent variable. Table 2 . Nevertheless, this cluster also produces a negative correlation with non-Oscar awards and non-Oscar award nominations. Specifically, Oedipus movies are less likely to be nominated for non-Oscar awards, and less likely to receive them than any other cluster (see Table 2 ).
Interestingly, according to Table 3 , Oscars are generally associated with higher domestic and worldwide revenue. However, this could be due to increased popularity following an Oscar award as well as the fact that production companies often carefully select release dates for Oscar-nominated movies. 
Emotional Arcs and Movie Budgets
So far, we have established that the Man in a Hole emotional trajectory generates the highest gross domestic revenue which partially confirms our Hypothesis 2. We also found that (based on assumption that IMDb rating indeed capture viewer satisfaction rates) this emotional trajectory is top earning not because it produces the most "liked" content but because movies in this cluster attract most viewers attention. We now turn to the robustness check of our results and explore whether and how production budgets affect revenues.
Motion pictures are expensive to produce and it is important to understand whether and to what extent high revenue is associated with the level of initial investment in movie production. To explore this issue, we look at the estimated production budgets obtained from Table 4 ).
As we can see from Table 4 , the Man in a Hole emotional trajectory cluster generates the highest revenue not only according to the values obtained from our total sample of 6,174 movies, but also according to the numbers obtained using a subsample of movies with budget estimates (3,051 movies). This is true for both the gross domestic revenue as well as for the worldwide revenue. A series of OLS regressions reveal that Man in a Hole is the only emotional trajectory which produces statistically significant results showing that it is more financially successful than any other emotional arc using a subsample of data with budgets. This is the case for gross domestic revenue (the coefficient is equal to 5.217438 with standard error of 2.713389 and a significance level of p=0.055); as well as for the worldwide revenue (the coefficient is equal to 12.02102 with standard error of 7.043771 and a significance level of p=0.088). In other words, our result that Man in a Hole is generating the highest revenue is confirmed for both gross domestic revenue and worldwide revenue using a smaller sample of data though (unsurprisingly) the statistical significance level decreases for a smaller sample (both regression coefficients are significant at 10% level). Notes: Each cell reporting revenue and budget numbers shows mean value in the top row, median value in the middle row, and standard deviation in the bottom row. To test our conjecture (ii), we look at the relation between budgets and revenues for each emotional arc (see Figure 5) . A series of OLS regressions with gross domestic revenue This means that even though budget plays an important role in movie production and contributes to the motion picture's subsequent financial success, the Man in a Hole emotional arc does not have a higher dependency on budget than other emotional arcs. Therefore, heterogeneity in production budgets cannot explain the Man in a Hole relative financial success compared to other arcs.
So far we have established that the financial success of the Man in a Hole emotional arc cannot be explained by higher financial investment. We now explore whether and to what extent the compound effect of budget and emotional arc contributes to motion picture revenue.
This allows us to understand whether Man in a Hole financial success is driven by movies falling within a particular budget category.
We partition movies into 8 categories according to the production budget variable: (1) movies with budgets of up to $1 million (N=107); (2) movies with budgets between over $1 million and $5 million (N=346); (3) movies with budgets between over $5 million and $10 million (N=339); (4) movies with budgets between over $10 million and $20 million (N=615); (5) movies with budgets of over $20 million and $30 million (N=399); (6) movies with budgets between over $30 million and $50 million (N= 512); (7) movies with budgets between over $50 million and $100 million (N=518); and (8) movies with budgets over $100 million (N=215).
We then conduct a series of OLS regressions for movies in each emotional arc falling within each of the budget categories. Gross domestic revenue was used as a dependent variable 13 and emotional clusters -as explanatory variables. Table 5 summarizes our results in a simple heat map.
14 Table 5 shows that the Man in a Hole emotional arc produces higher revenue than any other arc; but this financial success is not due to movies falling within any particular budget category. Even though overall Riches to Rags is the least financially successful arc, movies in this cluster seem to generate statistically significantly high revenue when they are in a high budget category (over $100 million). This may explain the financial success of large historical drama productions such as The Last Samurai or survival epics like Life of Pi.
Table 5 also shows that the Icarus type of movies tend to succeed when they are low to medium budget productions (i.e., productions of under $1 million and productions between over $5 and $10 million) and fail when they require large financial investment (movies with budgets between over $50 million and $100 million). The Table also reveals that Cinderella movies with budgets between over $1 million and $5 million as well as Oedipus motion pictures with budgets between over $30 million and $50 million tend to be less financial successful than movies in other categories. Note: 1 and -1 -not significant with positive and negative effect respectively 2 and -2 -significant at 10% with positive and negative effect respectively 3 and -3 -significant at 5% with positive and negative effect respectively 4 and -4 -significant at 1% with positive and negative effect respectively 5 and -5 -significant at 0.1% with positive and negative effect respectively n.a. -no observations
Emotional Arcs and Genres
In the previous subsection we explored the impact of production budgets on movies' IMDb Genre
News n.a. n.a. n.a. n.a. n.a. n.a. Note: 1 and -1 -not significant with positive and negative effect respectively 2 and -2 -significant at 10% with positive and negative effect respectively 3 and -3 -significant at 5% with positive and negative effect respectively 4 and -4 -significant at 1% with positive and negative effect respectively 5 and -5 -significant at 0.1% with positive and negative effect respectively n.a. We also find that one of these trajectories -Man in a Hole -tends to be generally more financially successful than other emotional arcs. Furthermore, this relative success is apparent irrespective of the movie genre and does not dependent on the movie production budget. If we assume that IMDb rating can be used as a proxy of viewer satisfaction, we can also conclude that the Man in a Hole emotional arc tends to succeed not because it generates movies which are most desired by the public (i.e., achieve the highest ratings on IMDb), but because movies with this emotional arc tend to be most unusual and spark debate. In other words, the Man in a Hole emotional arc tends to generate most "talked about" movies and not necessarily "most liked" movies and thereby achieve higher revenues than movies in other categories.
What are the implications of our result on the business models of the entertainment industry? On the one hand, it may appear that when evaluating movie scripts, motion picture production companies should opt for scripts offering Man in a Hole emotional journeys. Yet, on the other hand, this would be an oversimplification of our results. We show that when emotional arcs are combined with different genres and produced in different budget categories any of the 6 emotional arcs may produce financially successful films. Therefore, a careful selection of the script-budget-genre combination will lead to financial success. It is obvious, however, that data science can significantly advance the dialog between motion picture production companies and the viewers and help generate "on demand", customer-centric, and even personalized content which consumers of motion pictures would be interested in purchasing. The sentiment analysis of movies as an essential part of the business model choice process may shift decision making about desirable content from producers to consumers, empowering the viewers to significantly influence (or even shape) motion picture production. Notes: † -significant at 10% level -p<0.1; * -significant at 5% level -p<0.05; ** -significant at 1% level -p<0.01; *** -significant at 0.1% level -p<0.001. 
